Objective. To study the association between hospital nurse staffing and Hospital Consumer Assessment of Healthcare Providers and Systems (HCAHPS) scores. Data Sources. State hospital financial and utilization reports, Healthcare Cost and Utilization Project State Inpatient Databases, HCAHPS survey, and American Hospital Association Annual Survey of Hospitals. Study Design. Retrospective study using cross-sectional and longitudinal models to estimate the effect of nurse staffing levels and skill mix on seven HCAHPS measures. Data Collection/Extraction Methods. Hospital-level data measuring nurse staffing, patient experience, and hospital characteristics from 2009 to 2011 for 341 hospitals (977 hospital years) in California, Maryland, and Nevada. Principal Findings. Nurse staffing level (i.e., number of licensed practical nurses and registered nurses per 1,000 inpatient days) was significantly and positively associated with all seven HCAHPS measures in cross-sectional models and three of seven measures in longitudinal models. Nursing skill mix (i.e., percentage of all staff who are registered nurses) was significantly and negatively associated with scores on one measure in cross-sectional models and none in longitudinal models. Conclusions. After controlling for unobserved hospital characteristics, the positive influences of increased nurse staffing levels and skill mix were relatively small in size and limited to a few measures of patients' inpatient experience.
experiences with inpatient care (Centers for Medicare & Medicaid Services 2014a). Hospitals are being held increasingly accountable for their performance on HCAHPS. For example, the results from HCAHPS are publicly available on the Hospital Compare website (Centers for Medicare & Medicaid Services 2014b) . Beginning in 2016, HCAPHS scores will be included in the calculation of the Centers for Medicare & Medicaid Services (CMS) Value-Based Payment Modifiers, which will be used to calculate payments to hospitals on the basis of their quality of care.
Nursing care is considered a key determinant of patient experience (Larrabee et al. 2004; Kutney-Lee et al. 2009 ). The front-line nursing staff is the first and most frequent point of contact for patients. Nurses can improve the patients' experience by communicating effectively, responding to requests, and managing pain. Prior studies demonstrate that nursing communication with patients is the greatest contributor to hospitals' overall HCAHPS scores (Elliott et al. 2009 ) and that higher scores on nurse-related questions are associated with increased odds of receiving the most positive HCAHPS responses (Wolosin, Ayala, and Fulton 2012) .
Staffing levels and skill mix are likely factors in nurses' abilities to improve the patients' experience. Nurses who work on units that are understaffed or do not have an adequate skill mix are apt to have less time to respond to patient requests, assess their pain levels, and provide education. The objective of this study was to determine the extent to which nurse staffing and skill mix are associated with hospitals' HCAHPS scores.
Conceptual Framework
The concept of patient experience refers to patients' perceptions of different dimensions of care that they receive from their providers. These patient perceptions are captured on the HCAHPS, a validated survey used by CMS to assess patients' experience of inpatient care ).
In Figure 1 , we show that nurse staffing and skill mix may affect patients' experience, primarily through missed nursing care (Kalisch 2006; Kalisch, Landstrom, and Hinshaw 2009; Bittner et al. 2011) . Missed nursing care refers to the extent to which nurses fail to deliver necessary nursing care such as performing assessments; documenting patient care; performing vital signs; delivering as-needed medication; ambulating, feeding, and turning patients; responding to call bells; and performing patient education. Previous studies have shown that as staffing levels increase, nurses are less likely to miss care (Kalisch, Tschannen, and Lee 2011, 2012) . Another study demonstrated that patients are able to perceive and account for missed care, which may result in lower patient experience scores (Kalisch, McLaughlin, and Dabney 2012) . Because of a patient's perception of missed nursing care, nurse staffing levels and skill mix may be associated with reductions in a hospital's score on selected HCAHPS measures, particularly measures that are aligned most closely with necessary nursing care that might be missed.
Figure 1 also shows that hospital organizational characteristics and patient case mix are likely to be correlated with nurse staffing characteristics and with patient experience. Previous studies found that nurse staffing and patient experience scores are correlated with readily observable hospital organizational characteristics such as size, location, specialty, safety net, and profit status ( Jha et al. 2008; Isaac et al. 2010; Manary et al. 2015) as well as with less observable characteristics such as nursing work environment or providers' engagement in improvement efforts (Kutney-Lee et al. 2009; Chatterjee et al. 2012; Siddiqui et al. 2014) . Furthermore, nurse staffing and patient experience are likely to be correlated with many characteristics of a hospital's patient case mix, including age, sex, race, health status, and education Goldstein et al. 2010) . As demonstrated in previous studies, these patient characteristics need to be taken into account when assessing the relationship between nurse staffing and patient outcomes (Mark, Harless, and McCue 2005; Harless and Mark 2010; Newhouse et al. 2010; Mark and Harless 2011; Mark et al. 2013; Spetz et al. 2013; Martsolf et al. 2014) .
Study Aims and Hypotheses
We have found important gaps in the literature related to our proposed conceptual model. Although a number of studies have investigated the relationship between nurse staffing and patient perception of care (Bolton et al. 2003; Hall et al. 2003; Lang et al. 2004; Larrabee et al. 2004; Seago, Williamson, and Atwood 2006; Clark et al. 2007; Schubert et al. 2008; Ausserhofer et al. 2013) , only a small number of studies have directly investigated the effect of nurse staffing on HCAHPS scores. Previous research found that nurse staffing levels and skill mix were positively associated with hospitals' HCAHPS scores ( Jha et al. 2008; Kutney-Lee et al. 2009; Kang and Hasnain-Wynia 2013) . These studies relied on cross-sectional designs that used multivariate regression to control for observed hospital characteristics (i.e., those characteristics that can be measured and included in a multivariate regression model) that might bias the relationship between nurse staffing characteristics and HCAHPS scores. However, the associations between nurse staffing and HCAHPS scores also could be biased by unobserved hospital characteristics that cannot be accounted for in multivariate regressions.
We believe that the lack of robust longitudinal designs in previous studies may have led to an overestimation of the effect that nurse staffing and skill mix have on patient experience. Many of these unobserved hospital characteristics that cannot be accounted for in standard, clinically based risk-adjustment models (such as hospitals' general levels of engagement in quality, unique patient populations, or physical environment) might be time invariant within the short window of our analysis. For example, a correlation between high nurse staffing levels and high HCAHPS scores observed in a cross-sectional analysis actually may be due to other hospital characteristics that are associated with nurse staffing. We can control for unobserved, time-invariant hospital characteristics that could bias the relationship between nurse staffing and patient experience by using a longitudinal design. This design controls for the hospitals' baseline levels of nurse staffing and HCAHPS scores and then identifies an effect from longitudinal changes in those two variables.
To address these gaps in the literature, we used longitudinal data from U.S. hospitals in multiple states and hospital fixed effects models to account for unobserved, time-invariant hospital characteristics that were correlated with both nurse staffing and patient experience. To our knowledge, this study is the first to examine this relationship using a rigorous longitudinal design. Our study is designed to address the following research hypotheses:
• Aim 1: To determine the extent to which nurse staffing levels and skill mix are associated with patient experience in cross-sectional models. We hypothesize that nurse staffing and skill mix will be positively correlated with patient experience scores in the cross-sectional models.
• Aim 2: To determine the extent to which nurse staffing levels and skill mix are associated with patient experience in longitudinal models that control for unobserved time-invariant confounders. We hypothesize that the changes in nurse staffing and skill mix will be positively correlated with changes in patient experience scores in the longitudinal models. . We calculated measures of nurse staffing and skill mix from the state hospital financial and utilization reports for hospitals in California, Nevada, and Maryland. We focused on these three states because they had nursing data that could be linked to Hospital Compare and HCUP SID data. We used Hospital Compare data on patient experience (described in the measures section below) from the 510 hospitals that had at least 1 year of HCAHPS data. These data are reported annually by the hospitals and are publicly available on the CMS data download website (Centers for Medicare & Medicaid Services 2014c).
METHODS

Data Sources
For the control variables, we used discharge-level data from HCUP SID to construct hospital-level variables that describe the demographic and clinical characteristics of the patient populations. We used linked data from the AHA to describe hospitals' characteristics (e.g., size, teaching status).
We omitted 96 hospitals that did not have at least two consecutive years of data that were children's or long-term stay hospitals, or that had outlier
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values for nurse staffing. We defined outlier nurse staffing values as those that were less than 1 or greater than 100 nurses per 1,000 inpatient days or as those that more than doubled (i.e., greater than a 100 percent change) or less than halved (i.e., less than a negative 50 percent change) from 1 year to the next. We believe that such drastic values were likely to be data reporting errors.
We also eliminated 73 hospitals that had missing data in the regression models. The final sample size for this analysis included 341 individual hospitals and 977 individual hospital-year combinations. Across the three states, 80.3 percent of hospitals were in California, 13.2 percent in Maryland, and 6.6 percent in Nevada.
Measures
The dependent variables listed below consisted of 7 of the 10 HCAHPS measures reported on Hospital Compare (Centers for Medicare & Medicaid Services 2013) that were most likely to be affected by nurse staffing and skill mix: 
Hospital
Our analyses focused on the publicly reported scores that were calculated using the top-box methodology (Centers for Medicare & Medicaid Services 2014a). CMS calculates top-box scores using three steps. First, the percentage of patients who scored each item with the most positive response is calculated: always for the five HCAHPS composite measures, yes for the "discharge information" and definitely for the "recommend hospital" categories, and 9 or 10 for "overall hospital rating." Second, survey mode adjustment and hospital-level, patient-mix adjustment for such factors as education, self-rated health, emergency department admission, and service line are applied to these unadjusted top-box scores before they are made available through the CMS website. Third, publicly reported HCAHPS scores are created using the average of the adjusted scores from four consecutive quarters. Higher hospital topbox scores represent higher ranks among participating hospitals.
The explanatory variables consist of two nurse staffing variables for each hospital-year combination. One variable, the number of licensed nurses (registered nurses [RNs] and licensed practical nurses [LPNs]) per 1,000 inpatient days, reflected the level of nurse staffing at each institution. A second variable, the proportion of all nursing staff (RNs, LPNs, and aides) who were RNs, reflected the skill mix of each hospital. We constructed the number of licensed nurses per 1,000 inpatient days for each hospital using inpatient days reported in the HCUP SID. To account for the fact that many hospitals do not distinguish between inpatient and outpatient nurses, we calculated adjusted patient days by multiplying the number of patient days by the ratio of inpatient-tooutpatient revenue (Spetz et al. 2008) .
The control variables consisted of a number of hospital-level covariates reflecting changes over time in patient characteristics in a given hospital that we expected would correlate with the outcomes of interest. We included only those covariates that were not included in the patient-mix adjustment that CMS applies to the HCAHPS data before they are released. We included the distribution of hospitals' patients based on age, sex, primary payer, racial/ethnic minority status, and income quartile for patients' ZIP Code of residence. We also included the proportion of the hospitals' patients who had been diagnosed with each of 21 comorbidities, such as metastatic cancer and renal failure, contained in Agency for Healthcare Research and Quality (AHRQ) comorbidity software (Healthcare Cost and Utilization Project 2013). Finally, we included the average Medicare Severity-Diagnosis Related Group (MS-DRG) weight (United States Department of Veterans Affairs 2013) in the hospital. We added DRG weight to account for the change in patients' case mix characteristics reflected by the combination of DRGs over time in a given hospital. DRG weights were constructed to estimate the relative resource use required to care for patients within each DRG. Although not designed for the purposes of our study, we believe that using DRG weights is a reasonable approach to account for variation over time in the DRG mix without having to add separate variables for each of the more than 700 individual DRGs, which would absorb the available degrees of freedom in our models.
In cross-sectional models, we included specific hospital-level characteristics from the AHA, including size based on the number of beds (small, medium, large), ownership status (public, not-for-profit, for-profit), teaching status (teaching, nonteaching), and urban/nonurban location (located in large and small metro areas, not located in large or small metro areas). Size (number of beds) was based on a standardized variable within the Healthcare Cost and Utilization Project that varies by location (urban, rural) and teaching status (Healthcare Cost and Utilization Project 2008). We analyzed these variables and found them to be largely time invariant. Therefore, we did not include them in the models that included hospital fixed effects, which already controlled for hospitals' time-invariant characteristics.
Analysis
First, we performed a pooled cross-sectional regression analysis that controlled for the hospital-level, time-variant covariates, including the distribution of the hospitals' patients by age, primary payer, income quartile, comorbidities, race/ethnicity, and the average DRG weight. We also included the hospitals' size based on the number of beds, ownership, teaching status, and urban/rural location. This model controlled for observable hospital and patient characteristics that might account for differences in HCAHPS scores across hospitals. We included time fixed effects to account for temporal trends in HCAHPS scores and nurse staffing that affect all hospitals. For each regression model, we used a robust sandwich estimator to adjust for autocorrelation associated with repeated observations on the same hospitals. We weighted each regression by the number of discharges at each hospital to take into account the size of each hospital. We used linear ordinary least squares (OLS) regression models. Specifically, we estimated the following regression equation:
where Y represented each of the seven different HCAHPS measures, Staff represented staffing levels, Mix represented skill mix, X represented a vector of hospital characteristics that included both patient characteristics and hospital structural attributes, d represented year fixed effects, and e represented the stochastic error term. The variables were indexed by hospital (h) and time (t). Next, we analyzed models that were similar to those described in equation (1) but included hospital-level fixed effects. These fixed effects accounted for the hospitals' unobserved time-invariant characteristics that were correlated with both nurse staffing and HCAHPS scores. In such a specification, the model becomes longitudinal in nature by identifying the effect estimate via longitudinal changes in nurse staffing and HCAHPS scores. Specifically, we estimated the following regression equation:
The primary difference between equations (1) and (2) was the addition of a hospital-level fixed effect (c). By estimating a unique intercept for each hospital, the hospital fixed effect accounted for any unobserved, time-invariant hospital characteristics that were correlated with both nurse staffing and patient experience. Including the hospital fixed effect in the longitudinal models also allowed us to test how changes in nurse staffing within these sampled hospitals were associated with changes in HCAHPS scores over the study period.
We performed a number of sensitivity analyses. First, we calculated unadjusted nurse staffing levels. Second, we reestimated the models after limiting the sample to hospitals that had at least 100 and 300 patients responding to the HCAHPS survey, respectively. We performed this reestimation because HCAHPS scores are measured with higher levels of measurement error for hospitals with fewer respondents, and measurement error tends to attenuate effects toward zero (Wooldridge 2012). Third, we estimated the regression models without weighting. Finally, we ran the models separately for each state to account for differences in staffing environments across the states (e.g., staffing mandates in California). Table 1 shows that the hospitals in this study, on average, staffed 4.5 licensed nurses per 1,000 adjusted inpatient days. RNs represented 74.1 percent of all nursing staff. The mean HCAHPS scores for the sample of hospital-year combinations ranged from 56.7 (staff explaining medications) to 79.7 (staff provided discharge information). The hospitals were well distributed by size, with 21.4 percent in the small, 33.7 percent in the medium, and 44.9 percent in the large category. Most hospitals were not-for-profit (62.0 percent) and almost all hospitals were urban (91.8 percent).
RESULTS
Patient ages were well distributed across the age categories, ranging from 10.5 percent in the 35-44 years age group to 25.1 percent in the 75 years and older age group. Female patients accounted for a greater percentage of discharges (60.6 percent) than male patients. Medicare was the primary payer for 42.6 percent of the hospitals' discharges, followed by private insurance (26.3 percent), Medicaid (20.9 percent), and other sources (10.1 percent, including self-pay and no charge). More than half (58.6 percent) of patients who were admitted originated in the emergency department. The top three comorbidities were hypertension (45.2 percent), deficiency anemias/chronic blood loss anemia/coagulopathy (22.9 percent), and fluid and electrolyte disorders (22.0 percent). percent for the proportion of all staff who were nurses. The average absolute within-hospital change in the HCAHPS measures ranged from 3.32 to 4.34 points. The results of the regression analyses for the seven HCAHPS measures are shown in Table 3 . We present two sets of results for the effect of nurse staffing levels and skill mix on each HCAHPS measure; the first set of results represents pooled cross-sectional regression models that included only the covariates, and the second set represents the longitudinal regression models that included hospital fixed effects.
In the pooled cross-sectional models that included only the covariates, nurse staffing levels were significantly associated with each of the HCAHPS measures. For example, a difference of one licensed nurse per 1,000 inpatient days was associated with a 0.842 percentage point difference in HCAHPS scores for the "responsiveness of hospital staff" measure. Skill mix was negatively significantly associated with the "communication about medications" (b = 0.061).
In the models that included hospital fixed effects (i.e., longitudinal), many of these relationships were no longer statistically significant. Nurse staffing levels were significantly associated with the "communications about medications" measure (b = 0.721), "discharge information" measure (b = 0.734), and the "recommend hospital" measure (b = 1.169). Skill mix was not associated with any of the measures.
We found that all of our estimates were robust to different specifications. However, we also found substantial differences across states, with the results for California being much smaller than those for Nevada and Maryland.
DISCUSSION
This study examines the effect of nurse staffing levels and skill mix on patientreported experience. We found that staffing levels were positively associated with improvements in all of the HCAHPS scores in our pooled cross-sectional analyses. These results suggest that in a cross-sectional design, hospitals with higher nurse staffing levels appear to achieve higher scores in all key domains of patient experience as measured by the HCAPHS. However, in hospital fixed effect longitudinal analyses that control for unobserved time-invariant differences in hospital characteristics, many of these associations were no longer statistically significant. Nurse staffing levels remained positively and significantly associated only with the discharge information, communication about medications, and recommend hospital measures.
Our findings largely confirm previous cross-sectional analyses that identified a statistically significant association between nurse staffing and HCAHPS scores. Specifically, Jha et al. (2008) found that hospitals in the highest quartile of nurse staffing ratios had significantly better patient experience on all seven HCAHPS measures, with the differences ranging from 0.9 to 4.2 percentage points. However, we found that many of our cross-sectional relationships were no longer statistically significant in the fixed effect models. This change in statistical significance likely can be explained by two mechanisms that are specific to the longitudinal fixed effect models.
First, these longitudinal models only use variation within individual hospitals across years to estimate effects. Using such an approach leads to larger standard errors than those obtained from pooled cross-sectional models, especially if the within-hospital variation over time is relatively small. Inflation of the standard errors may lead to the elimination of statistical significance. For one of the measures (overall hospital rating), the coefficient increased but the standard errors also increased substantially. For another, the coefficient decreased slightly but the standard error nearly doubled (communication with nurses). These findings suggest that inflation of the standard errors likely contributed to the elimination of statistical significance in these two cases.
The second potential mechanism for explaining the difference in statistical significance between the pooled cross-sectional and longitudinal models involves the correction of bias based on the addition of the hospital fixed effect. The fixed effect estimator may account for bias caused by unobserved hospital characteristics that were not accounted for in the cross-sectional models. In this case, adding the fixed effect would lead to a change in the coefficients. Although it is possible for bias correction to lead to an increase in the coefficients, in this case, the bias correction that would lead to loss of statistical significance is through smaller coefficients as all of the coefficients in the crosssectional model are greater than zero. For two measures ("responsiveness of staff" and "pain management"), the introduction of the hospital fixed effect led to moderate to large reductions in the coefficients. This finding suggests that the fixed effect addressed upward bias in the coefficient caused by unobservable hospital characteristics. The reduction in the coefficients likely contributed to elimination of statistical significance, although standard errors also increased. Therefore, we cannot exclusively attribute loss of statistical significance to bias correction alone.
To the extent that bias correction led to loss of statistical significance, we suspect that one key unobserved variable may be the nursing work environment. Our results are very similar to those found by Kutney-Lee et al. (2009) that demonstrated a correlation between nurse staffing and improvements in the recommend hospital and the provision of discharge information measures. These referenced analyses were cross-sectional, but they included key covariates for nursing work environment-a measure of nursing leadership capacity, nurse's participation in hospital affairs, and nurse-physician relationships. This result suggests that nursing work environment may be an important unobserved and largely time-invariant hospital characteristic that is correlated with nurse staffing and may be driving observed cross-sectional associations between nurse staffing and HCAHPS scores.
Our finding that nurse staffing levels are positively associated with patients' experiences with the discharge information measure is of particular interest. As hospitals are being held increasingly accountable for readmission rates, the effective transition of patients from hospital to home or other settings is growing in importance. Nursing discharge education will become a progressively more important part of that transition. Our study demonstrates that when a hospital has more nursing staff, nurses are able to spend more time providing discharge education, which is a vitally important nursing function. Educating patients and families (i.e., providing discharge instructions) is a frequently omitted nursing care activity-an omission that would increase when staffing levels are low (Ausserhofer et al. 2014) . These findings are consistent with prior literature finding a positive correlation between inpatient nurse staffing and readmissions (Weiss, Yakusheva, and Bobay 2011; McHugh, Berez, and Small 2013; McHugh and Ma 2013; Ma, McHugh, and Aiken 2015) .
It is important to note that the effects we identified were relatively small. An increase in nurse staffing of one nurse per 1,000 inpatient days (roughly equivalent to the mean absolute change in staffing levels) would lead to 0.721 percentage point increase in HCAHPS scores related to the delivery of discharge information and 1.169 percentage point increase for recommendation of the hospital. In addition to the methodological considerations discussed above, these modest results may be driven by the fact that patient experience may be influenced less by overall staffing levels and more by the qualities of the nursing staff such as educational levels and interpersonal skills (Lang et al. 2004) , neither of which we were able to measure.
Our study has a number of limitations. First, although the sample includes multiple states, 80 percent of the observations are from California. The observed results are largely being driven by observations from that state, which may have particular implications for the nurse skill mix variable. In 2004, the state of California implemented legislation for the minimum nurseto-patient staffing requirements (California HealthCare Foundation 2009). However, we found that California's staffing levels and within-hospital change in staffing were similar to the other states in our sample. Second, our results are based on hospital-level analyses. Therefore, we are unable to tie the nurse staffing levels directly to the outcomes of any individual patient. Previous studies have attempted to link nurse staffing more closely to patient-level experience by using unit-level staffing and patient perception measures (Seago, Williamson, and Atwood 2006; Ausserhofer et al. 2013) . No studies to date, however, have attempted to investigate patient-level care experience outcomes in relation to nursing staffing levels and skill mix. Recently, studies emerged linking other patient-level outcomes (e.g., readmissions and length of stay) to patient-level nurse staffing or other characteristics of nurses (e.g., educational levels) (Yakusheva, Lindrooth, and Weiss 2014a,b). Extending these patient-level analyses to patient experience would require significant primary data collection efforts, although such work would be a valuable contribution to the literature. Third, our fixed effect model was unable to control for any unobservable time-varying hospital characteristics that might be correlated with both temporal changes in patient experience and nurse staffing. We controlled for a large number of observable time-varying case mix characteristics, but we were unable to control for other potentially important unobserved hospital characteristics that might have changed over time, such as magnet status.
In summary, our study shows that nurse staffing levels are significantly associated with scores on a number of HCAHPS measures. However, given the relatively small effect sizes, hospitals may need to increase their nurse staffing substantially to achieve meaningful improvements on patient experience scores. As hospitals are increasingly subject to pay-for-performance and public reporting of patient experience scores, understanding the determinants of improvements in patient experience can assist policy makers with evaluating current measures and help hospitals improve their care.
